It has been found that the cosmic-ray particles which occur in showers of small angular divergence are much more penetrating than those of the usual type of shower. The particles in such "hard showers" are clearly not electrons and are interpreted as medium and low energy mesotrons.
can account for the production of such mesotron showers, though some modification must be introduced regarding the limitation in angular spread of the emitted particles. Maier-Leibnitz and others have obtained evidence for the relatively frequent production of slow, absorbable mesotron secondaries. Because of the much higher rate of production of these mesotrons as compared with those of the hard showers, a different mode of formation may be present; speculation on this point is at present premature.
PENETRATING P0%'ER oF NARR0%' SH0%ERs During certain investigations into the structure of cosmic-ray showers, undertaken in our laboratory by means of Geiger-Miiller counters some three years ago, we were surprised, however, to observe that under certain conditions there occur secondary particles which are much more penetrating than ordinary shower particles. ' It was found that the high penetrating power is connected with secondaries of small angular divergence only, the increase in penetrating power being rather abrupt at an angle of approximately 10'. ' Probably " fully explained by the cascade theory of electron showers, a mell detached "second maximum" at about 17 cm of lead or 30 cm of iron. This eEect has been established unambiguously by taking more than a dozen independent Rossi curves, the geometrical 'and other conditions having been varied in all directions. Two sets of such curves have been published elsewhere.~' In these experiments the effective angle of divergence was varied by altering the vertical distance between the counter arrangement and the shower producing layer.
Ke have also e8ected the angular variation by shifting only one of the two lower counters in a horizontal direction. The result of these experiments is shown in Fig. 3 . From these curves it is also evident that the second maximum appears only at small angles of divergence.
It must be understood that it is extremely difFicu1t to give a complete quantitative analysis of such curves, t' he reasons being: the inevitable background caused by showers from the atmos-'The second maximum has been observed by several investigators, first by Ackemann and Hummel (Naturwiss. 22, 169 (1934) ), &chile others failed to find it, because the dependence on the angle of divergence was not known at that time.
phere and surrounding objects; the rather complicated geometric conditions; and, finally, the circumstance that ordinary soft showers are produced by the hard shower particles. ' Therefore, stress can be laid only on the rise of the curve beyond the first maximum and the relative height of the second maximum, for this cannot be explained away by any assumptions concerning the background.
The second maximum of the Rossi curve is a direct proof for the generation of secondary particles penetrating through 17 cm of lead or more. These particles cannot be electrons; it appears most reasonable to interpret them as mesotrons.
Taking Fig. 4 . The fourfold coincidences (1345) and (2345) and the fivefold coincidences (12345) were recorded simultaneously. This somewhat intricate method has the great advantage that reliable corrections may be determined for the background showers and their absorption by the shower producing layer. Allowing for the background, the ratio of frequencies of (12345): (2345) -coincidences may be identified with the fraction of showers produced by ionizing primaries. Table II shows that this fraction depends on 8, the angle of divergence, as well as on the thickness of the shower producing layer.
Considering that in the second maximum of the Rossi curve hard showers can only be produced by the hard component of the cosmic radiation, it may be concluded that most of these showers are generated by charged mesotrons, and the rest possibly by neutral mesotrons. The existence of neutral mesotrons in cosmic radiation is also indicated by earlier observations of Maass. "
In the first maximum of the Rossi curve the "B. Rossi experimental facts which may be explained in the simplest way by assuming production of secondary mesotrons of medium or low energy by the fast mesotrons of the hard cosmic-ray component, and by photons:
